Recently, molecular analysis caused the South American Viguiera Kunth species to be transferred to Aldama La Llave. However, the circumscription has not been established for certain of the South American species, including Aldama filifolia (Sch.Bip. ex Baker) E.E.Schill. & Panero, A. linearifolia (Chodat) E.E.Schill. & Panero and A. trichophylla (Dusén) Magenta (comb. nov.), which had previously been treated as synonyms because of their high similarity. Therefore, the present study aimed to evaluate the anatomy of the aerial organs, and the yield and chemical composition of the essential oils from these three species, to determine the differences among them and thereby assist in species distinction. The anatomical analysis identified characteristics unique to each species, which are primarily related to the position and occurrence of secretory structures. Histochemical analysis demonstrated that the glandular trichomes and the canals secrete lipophilic substances, which are characterised by the presence of essential oils. The analysis of these essential oils identified monoterpenes as their major constituent and allowed for the recognition of chemical markers for each species. The anatomical and chemical characteristics identified by the present study confirmed that the studied samples belong to three distinct taxa.
Introduction
On the basis of molecular analysis, the South American species of Viguiera were transferred to Aldama La Llave (Schilling and Panero 2011) . However, the circumscription of the South American species has not been well established yet and some species combinations were not taken into their analysis.
The species examined in the present study, Aldama filifolia (Sch.Bip. ex Baker) E.E.Schill. & Panero (= Viguiera filifolia), A. linearifolia (Chodat) E.E.Schill. & Panero (= Viguiera linearifolia) and A. trichophylla (Dusén) Magenta (new combination presented in the current study) (= V. trichophylla) consist of perennial plants that are resin-bearing, aromatic and contain long stems without branches, as well as many linear to linear-filiform leaves (Blake 1918; Magenta 2006) . These species are similar in a vegetative state and are distinguished mainly by their reproductive traits (Magenta 2006; Magenta et al. and are often related to the presence of bioactive compounds in these species (Spring et al. 2003; Hulley et al. 2010) . Secretory structures have been used in taxonomic studies because of their variety of morphological types and their constant position in the plant body and taxon analysed (Solereder 1908; Metcalfe and Chalk 1950; Kelsey 1984; Castro et al. 1997; Fahn 2000) .
The occurrence of essential oils in Asteraceae species is well known (Corrêa et al. 2004; Agostini et al. 2005; Castro et al. 2006; Borsato et al. 2007; Ferronatto et al. 2007; Maia et al. 2010) . Nevertheless, there are no published studies, regarding the Brazilian species of Aldama, related to the characterisation or even the pharmacological uses of these essential oils. Studies of the phytochemistry of several species have highlighted the pharmacological importance of Aldama as a whole (Da Costa et al. 1996; Spring et al. 2003; Ambrosio et al. 2004; Tirapelli et al. 2004) .
From a taxonomic standpoint, studies on essential oils have been useful in the delimitation of species, the detection of hybridisation in natural populations and the confirmation of the presence of geographic races and generic and tribal limits (Harborne and Turner 1984; Alvarenga et al. 2001) . Moreover, a few findings related to the anatomical structure of Aldama [= Viguiera (partly)] have been described by Magenta (2006) , who conducted a review of the Brazilian species of this genus. However, there remain open questions regarding the correct delimitation of these species. Thus, the present study aimed to describe the morpho-anatomy of the vegetative aerial organs of A. filifolia, A. linearifolia and A. trichophylla and to evaluate the yield and chemical composition of essential oils of these species. The findings presented in the study enable comparisons of the chemical profiles of these species and identify anatomical and chemical characteristics that can be used to separate these species.
Materials and methods

New combination in Aldama
Here, we present a new combination in Aldama, related to the species V. trichophylla. The exclamation mark following acronym of herbaria indicates that the type material deposited therein was analysed. Anatomical studies Samples were collected from three individuals of each species in the flowering stage for anatomical analysis. The middle and the apex regions of at least three fully expanded leaves were analysed from three different individuals. In the stem, three regions corresponding to the youngest internode (2-3 mm in thickness), middle internode (3-5 mm in thickness) and an internode close to the ground (5-9 mm in thickness) were chosen, in accordance with the size of the individual under study. The samples were fixed in formaldehyde-acetic acid-alcohol (FAA 50, 1 : 1 : 18 ratio, with 50% ethanol as the alcohol) (Johansen 1940) for 2 days and placed into a vacuum pump to remove air from the tissue. Later, these samples were dehydrated in a graded ethanol series up to a 70% ethanol solution, which was then also used for storage.
Botanical material and collection areas
Samples were dehydrated in 100% ethanol and embedded in hydroxyethyl methacrylate (Historesin Leica, Heraeus Kulzer, Hanau, Germany) to obtain blocks, which were then cut transversely and longitudinally to a thickness of 6 mm in a rotary microtome. The material was stained with 0.05% toluidine blue in phosphate and citric acid buffer at pH 4.5 (Sakai 1973) , and mounted on glass slides in 'Entellan' (Merck, Darmstadt, Germany) synthetic resin. Cross-sections were also obtained by freehand cuts with a razor blade or by employing a sliding microtome that produced sections of 30-40 mm in thickness. For semi-permanent glass-slide preparation, sections were clarified in a commercial solution of 20% sodium hypochlorite (v/v) diluted to 2.5% (w/w), and subsequently rinsed in distilled water, stained with safranin and astra blue (Bukatsch 1972) , and mounted in glycerol gelatine.
The histochemical analyses were performed using sections obtained from material embedded in historesin, as well as sections from fixed material that had not been embedded in historesin. The following reagents and dyes were used: Sudan IV for lipophilic substances (Jensen 1962) ; Sudan black B for total lipids (Pearse 1968) ; ferric chloride for phenolic compounds (Johansen 1940) ; ruthenium red for pectic substances, polysaccharides and acid mucilage (Johansen 1940) ; zincchloride iodide for the detection of starch grains (Strasburger 1913) ; phloroglucinol in acid medium for the detection of lignin (Johansen 1940) ; and NADI reagent for the detection of essential and resin oils (David and Carde 1964) .
The images were digitally captured with a Leica DMLB microscope (Leica, Wetzlar, Germany) containing a video camera connected to a computer. IM50 software (Leica) was utilised for image analysis.
Surface analysis with a scanning electron microscope (SEM)
To conduct surface analyses, samples were fixed in Karnovsky solution (Karnovsky 1965) , dehydrated in an ethanol series up to absolute ethanol, dried using the critical point method with CO 2 (Horridge and Tamm 1969) , mounted on aluminium stubs, and coated with a layer of 30-40 nm of gold using a Balzers SCD 050 sputter-coater. The observations and photomicrographs were obtained using a LEO 435 VP SEM (Zeiss, Oberkochen, Germany), which was operated at 20 kV, and scale bars were directly printed on the electron micrographs that were generated.
Essential-oil extraction
For the analysis of essential oils, fresh material was collected and stored for transport in plastic bags lined with wet sheets of newspaper. The material was kept cool with a thermal gel ice pack until the laboratory extraction was performed.
The essential oils were obtained by hydrodistillation in a Clevenger-type apparatus. Two extractions were performed for each species (one extraction for each organ, because the leaves and stems were extracted separately). To optimise the distillation process, plant material was fractionated and placed in a roundbottom flask. Between 1000 mL and 3000 mL of distilled water (depending on the mass contained in the flask) was later added to the flask, followed by 3 h of steam distillation. At the end of the extraction, the system was cooled. If there was sufficient oil, it was subsequently collected with a Pasteur pipette; otherwise, the aqueous phase was extracted with dichloromethane (3 Â 50 mL) and the organic phases were combined in a rotary evaporator and evaporated under vacuum. The resulting oils were weighed on an analytical balance to determine the yield and, subsequently, freezer-stored in amber glass bottles.
Analysis of the chemical composition of essential oils
Samples of essential oils were analysed by gas chromatography coupled with mass spectrometry (GC-MS) using a HP 5890 series II chromatograph (Hewlett-Packard, Palo Alto, CA, USA) that was equipped with a Hewlett-Packard 5971 mass-selective detector, split/splitless injector, and HP-5 capillary column (25 m Â 0.20 mm Â 0.33 mm). The following settings were used for each stage of chromatography: injector temperature = 220 C; detector temperature = 280 C; column temperature = 60 C, raised at 3 C min -1 to 240 C (held for 7 min at this temperature); the flow rate of carrier gas (super-dry helium) = 1.0 mL min -1 ; and the samples were dissolved in ethyl acetate at a concentration of 20 mg mL -1 . The identification of compounds was then performed by comparing the mass spectra with data from the NIST 05 Mass Spectral Library (Fabricação Varian Inc.), co-injection patterns for hydrocarbons based on Kovatz index calculations, and the data described by Adams (2007) .
Results
New combination in Aldama
Aldama trichophylla (Dusén) Magenta, comb. nov photograph of the holotype: F!, P!, SPF!; isotypes: BM!, K!, GH -frag., R!).
Leaf and stem anatomy
The leaves of all three species are simple, sessile and linear. The leaves from A. filifolia and A. trichophylla are eliptic in crosssection, with a groove on the adaxial side of A. filifolia and on the abaxial side of A. trichophylla (Fig. 1A , C, Table 1 ). The A. linearifolia leaf is T-shaped in cross-section and its margins are revolute (Fig. 1B) .
From the front side view, the epidermis of A. filifolia ( Fig. 1D ) includes cells with slightly sinuous walls, whereas A. linearifolia ( Fig. 1E ) and A. trichophylla cells possess straight walls. For all three species, the stomata are anomocytic (Fig. 1D, E) , restricted to the mesophyll-adjoining regions (Fig. 1A-C) , and located on the same level as other epidermal cells (Fig. 1G) . The stomata in A. linearifolia occur on both sides of the leaf, and guard cells exhibit a projection only on the abaxial side relative to other epidermal cells (Fig. 2B ). All three species possess leaves with a uniseriate epidermis (Fig. 1F , G) that is covered with a thin cuticle, and a portion of cells in all species demonstrate the presence of phenolic compounds. The epidermal cells have thickened outer walls enriched in pectins (Fig. 1F ). The abaxial side of A. linearifolia is the only one that exhibits thin-walled cells (Fig. 2B) . Below the epidermis, in the region of the midrib, two or three layers of collenchyma are observed on both sides (Fig. 1F) , whereas in A. linearifolia, an adaxial midrib projection is formed (Fig. 1G ).
The indumentum of the leaves is composed of two types of non-glandular trichomes, which were designated as Types I and II in the present study, as well as glandular trichomes. Nonglandular trichomes of three cells (Type I) were observed in all three species (Fig. 1H-L ). Of these three cells, the two larger basal cells were cylindrical-shaped, whereas the terminal cell exhibited an acute apex (Fig. 1K) , with warty wall ornamentations called humps (Fig. 1L) . In A. filifolia (Fig. 1H) , these trichomes are found in the margins of the leaves, whereas in A. trichophylla (Fig. 1J) , the trichomes are found in the midrib region, and in A. linearifolia (Fig. 1I) , they are distributed throughout the leaf. Type II non-glandular trichomes are present in the leaves of all three species. These trichomes are uniseriate, multicellular and filamentous (Fig. 1M, N) . In A. linearifolia, Type II non-glandular trichomes are distributed throughout the leaf (Fig. 1I ), particularly at stomatal crypts (Fig. 1B) , and their walls are lignified. In A. filifolia and A. trichophylla, these trichomes are scarce and appear to be either shrivelled and/or lacking in the midrib region of the adult leaves (Fig. 1H) .
The glandular trichomes are found only on the abaxial side of the A. linearifolia leaf (Fig. 1M, N) . These trichomes are capitate and biseriate, consisting of two basal cells and the head with five pairs of secretory cells. The exudate accumulations in the subcuticular space are restricted to the two cells distal from the head (Fig. 1N) .
The mesophyll is homogeneous, consisting of a palisade parenchyma with two to three layers of tightly packed elongated cells in A. filifolia ( Fig. 2A ) and three to five layers of shorter cells in A. trichophylla (Fig. 2C) . In A. linearifolia (Fig. 2B) , the mesophyll is dorsiventral with four layers of palisade parenchyma cells and two to three layers of spongy parenchyma, and the palisade parenchyma extends up the sides of the midrib (Fig. 2E) .
The midrib of A. filifolia (Fig. 2D ) contains a single collateral bundle, which is surrounded by a continuous sheath of inner sclerified cells and outer parenchymatous ones. Two wide secretory canals can be found in the parenchyma near the central vascular bundle. A. trichophylla (Fig. 2F) differs from A. filifolia in that A. trichophylla has a midrib with a discontinuous sheath of sclerified cells and three secretory canals at the parenchyma near the central bundle. The secretory canals in the primary phloem are present only in this species. A larger collateral central bundle and two collateral bundles of smaller diameter are formed in A. linearifolia (Fig. 2E) . In the parenchyma, there are three narrow secretory canals, one facing the adaxial side and two facing the abaxial side.
In all three species, the lateral veins have a parenchymatous sheath. Sheath extensions, if present, interrupt the palisade parenchyma and are provided with secretory canals ( Fig. 2A-C) . Only in A. linearifolia (Fig. 2B ) do the sheath extensions reach the epidermis on both sides of the leaf; however, the secretory canals occur only in the adaxial bundle extension. In the leaves of A. filifolia, the lateral veins and their sheath extensions are directed only to the adaxial side (Fig. 1A) , whereas in A. trichophylla, the veins are distributed around the midrib (Fig. 1C) . The venation pattern, as seen under stereomicroscope, differs among species. This difference can also be observed in leaf paradermal sections (Fig. 2G-I) . In A. linearifolia (Fig. 2H) and A. trichophylla (Fig. 2I) , the branching is intense, whereas in A. filifolia (Fig. 2G) , few branches are observed.
The internode of all three species is circular in cross-section (Fig. 3A-C) . The primary stem structure includes a uniseriate stratified epidermis with tabular cells, thick outer periclinal walls and a thin cuticle (Fig. 3B) . On the surface of a young internode from A. linearifolia, the same trichomes described for the leaves are observed (Fig. 3D) . In A. trichophylla and A. filifolia, rare Type I trichomes are observed.
The cortex consists of two or three layers of subepidermal collenchyma and four to seven layers of parenchyma (Fig. 3A-C) . The inner cortical layer is differentiated as endodermis with Casparian strips (Fig. 3E) . The endodermal cells of A. linearifolia contain starch grains (Fig. 3H) . In the region of the cortical parenchyma, secretory canals lined with one or more layers of epithelium cells and with variable diameters are found. These canals are located alternately to pericyclic fibre strands. The canals occur more frequently in A. trichophylla than in the other two studied species (Fig. 3B, C) . In the vascular cylinder of A. filifolia (Fig. 3F) and A. trichophylla, the pericycle portion opposite to the primary phloem is differentiated as a fibre strand, and in the interfascicular portion, several layers of pericyclic parenchyma undergo lignification in later stages of internode development ( Fig. 3J, P) . The pericyclic fibre strands opposite to the primary phloem (Fig. 3G) are also observed in A. linearifolia. However, in the interfascicular region, the pericycle is formed by a single layer of non-lignified cells (Fig. 3E) , which may be interrupted by primary phloem cells. In all three species, the collateral bundles are of the open type and they are separated by wide parenchymatous medullary rays. Secretory canals are observed in the primary phloem in A. filifolia (Fig. 3F) and A. trichophylla. The pith is parenchymatous, and secretory canals with variable diameter and uniseriate epithelium are visualised in the perimedullary parenchyma and also in pith-adjoining protoxylem layers (Fig. 3L, O) .
No significant increase in diameter was found in any of the stem regions of A. filifolia (Fig. 3J) and A. linearifolia (Fig. 3K) analysed.
In all three species, the secondary structure of the stem contains the epidermis, although periclinal divisions are observed in the subepidermal layers of A. linearifolia. Lenticels are formed in all three species (Fig. 3P ) in regions where cells accumulate phenolic compounds. Several isolated cells (A. trichophylla) or groups of cells (A. linearifolia) undergo lignification in the cortex. Only the endodermal cells opposite pericyclic fibre strands have thickened suberised walls (Fig. 3I) . In A. trichophylla and A. filifolia, the vascular cylinder includes a completely sclerified pericycle (Fig. 3P) . The fascicular and interfascicular portions of the cambium have different activities.
The fascicular cambium produces secondary xylem and phloem, including rays. The interfascicular cambium derivatives differentiate only into ray parenchyma cells that undergo lignification successively (Fig. 3J) . The activity of the fascicular cambium is more pronounced in A. trichophylla than in A. filifolia. The ray parenchyma cells become elongated in tangential direction, which probably compensates for the increase in pith diameter (Fig. 3Q) . Furthermore, the perimedullary parenchyma cells elongate anticlinally to primary xylem strand direction and divide, increasing the number of pith cell layers and hence the diameter of the stem, especially in A. trichophylla (Fig. 3Q) . In A. linearifolia, the pericycle does not sclerify in the interfascicular region. The fascicular and interfascicular portions of the cambium have similar activities (Fig. 3K) and contribute equally to the growth in the thickening of the stem. New secretory canals differentiate in the phloem (Fig. 3M, N) . Certain cells in the periphery of the pith increase in size; however, unlike the other species examined, A. linearifolia displays no significant overall increase in the pith as a result of this size change. There are perimedullary secretory canals in all three species (Fig. 3Q) .
The histochemical tests indicated that in all three species, the exudates of the glandular trichomes and secretory canals of the leaf and stem are lipophilic.
The summary of the main anatomical characteristics that distinguish A. filifolia, A. linearifolia and A. trichophylla is shown in Table 1 .
Essential oils
In the analysis of essential-oil yields from the aerial organs of A. filifolia, A. linearifolia and A. trichophylla (Table 2) , the leaves of A. filifolia and A. trichophylla contained a higher yield than did the stems. The essential oils of all three species are characterised by monoterpenes, sesquiterpenes and diterpenes, with a predominance of monoterpenes being observed (Table 3) . (Fig. 1A-C ) Eliptical, with a adaxial groove T-shaped Eliptical, with a abaxial groove Venation (Fig. 2G, I )
Midvein with few branches Midvein with intense branching
Midvein with intense branching Anticlinal walls of epidermis (Fig. 1D, E) Sinuous Straight/straight Straight Glandular trichomes (Fig. 1N ) Absent Present Absent Type of mesophyll ( Fig. 2A-C) Homogeneous Dorsiventral Homogeneous Secretory canals in the midrib (Fig. 2D-F The major compound in the essential oil of leaves and aerial stems of A. filifolia was the monoterpene myrcene (86% and 73.1%, respectively). In the leaves of A. linearifolia, the main compounds were the monoterpenes a-pinene (26.2%) and D-limonene (17.25%). Sesquiterpenes, especially germacrene D (12.02%), bicyclogermacrene (30.14%) and spathulenol (11.6%), were predominant in the aerial stems. In A. trichophylla, the essential oil from leaves and aerial stems contains a-tujene (12.51 and 17.04%), a-pinene (39.97 and 38.5%) and b-pinene (30.75 and 26 97%) monoterpenes as its major compounds.
Discussion
The leaves of all three species have reduced lamina, although in A. linearifolia, a small expansion of the lamina with revolute margins that form crypts on the abaxial side of leaves can be observed. These features are typical for the so called ericoid leaves and indicate xeromorphic adaptations (Dickison 2000) .
Although leaves are characteristically plastic organs that can display morphological, anatomical and physiological adaptations in response to the environment, leaf anatomical characteristics, nonetheless, proved useful in distinguishing among species. The occurrence, size and distribution of secretory canals and the occurrence of glandular trichomes were distinct among the species examined in the present study, thus confirming that in Asteraceae, the secretory structures are useful in the identification of species (Solereder 1908; Metcalfe and Chalk 1950; Fahn 1979; Lersten and Curtis 1989; Lotocka and Geszprych 2004; Milan et al. 2006; Appezzato-da-Glória et al. 2008; Del-Vechio-Vieira et al. 2008; Cury and Appezzatoda-Glória 2009 ; Appezzato-da-Glória and Cury 2011; Fritz and Saukel 2011). Castro et al. (1997) proposed an identification key based strictly on the anatomy of secretory structures present in the leaves of species from different genera of the family Asteraceae found in the Brazilian savanna (the Cerrado biome), including two species of Viguiera, indicating that these structures possess diagnostic value at the generic level. Furthermore, the venation pattern and front side view shape of the epidermal cell wall of leaves are additional traits that are useful for distinguishing among species. In stems, the anatomical differences were less evident, but certain characteristics related to the vascular cylinder could be established, such as the differences in cambial activity between the fascicular and interfascicular portions of the stem and the presence and distribution of secretory structures. These characteristics may assist with the delimitation of species.
The cambial activity described for the stems of A. filifolia and A. trichophylla is not typically reported for species of Asteraceae (Budel and Duarte 2007; Del-Vechio-Vieira et al. 2008; Empinotti and Duarte 2008) . Adamson (1934) reported one type of anomalous secondary growth of the stem portion of Athrixia Ker Gawl (Asteraceae) in which a formation of secondary vascular tissues by the cambium could be noted only in the fascicular regions, whereas in the interfascicular portions, the cambium does not form and the parenchyma cells undergo lignification. In the A. filifolia and A. trichophylla, the cambium is formed in the interfascicular portions, an observation that contrasts with the descriptions of Adamson (1934) . However, in the interfascicular region, only parenchyma rays are formed, which lignify as the region develops.
The secretory canals and cavities, as well as the glandular trichomes, are structures common in Asteraceae species and are associated with the presence of the secondary-metabolite compounds that are responsible for the pharmacological activities reported for several species, including members of Viguiera (Da Costa et al. 1996; Marquina et al. 2001; Spring et al. 2003; Ambrosio et al. 2004) . In the studied species, these structures secrete lipophilic substances rich in low molecularweight terpenes, which are characteristic of the essential oils.
In the present study, the essential-oil yield from the aerial vegetative organs was different among species and among organs of the same species. The average total essential-oil yield from A. filifolia and A. trichophylla was 10 times higher than that from A. linearifolia, primarily because of the high yield value of the leaves in the former two species. This difference in yield when taking the organs into account may be related to the presence or frequency of secretory structures (Fahn 1979) . In particular, the leaves of A. linearifolia demonstrated a yield that is 20 times lower than the yield of the leaves of the other two species, which The a-and b-pinene, limonene, 3-carene and myrcene monoterpenes present in the essential oils from the leaves of the studied species are widely distributed and are often found together in the essential oils of the leaves of different plant species (Harborne and Turner 1984) . Limonene was reported to be present in the essential oils of the aerial organs of the Viguiera dentata (Cav.) Spreng. (Canales et al. 2008) and of the leaves and flowers of Helianthus annuus L. (Ceccarini et al. 2004) and Tithonia diversifolia (Hemsl.) Gray (Moronkola et al. 2007 ). The compounds found in the essential oils of the studied species have also been observed in the medicinal species of Asteraceae, such as chamomile (Borsato et al. 2007) , in Vernonia spp. Schreb. (Maia et al. 2010) , in species of Baccharis L. (Agostini et al. 2005) and in the Eremanthus erythropappus (DC.) MacLeish .
Certain sesquiterpenes may be widely distributed in nature, such as t-caryophyllene, whereas others, such as carotol, are more restricted to certain plant groups (Harborne and Turner 1984) . The sesquiterpenes found in A. filifolia, A. linearifolia and A. trichophylla have been reported in the Mexican species of Viguiera dentata by Canales et al. (2008) .
Several compounds identified in the essential oils of the studied species appear to possess various biological activities in phytochemical studies. Canales et al. (2008) suggested that the antibacterial activity of the essential oil of V. dentata may be related to the presence of limonene, spathulenol and bornyl acetate, as well as other components. Antimicrobial activity has also been reported for isolated a-and b-pinene (Leite et al. 2007) . demonstrated biological activity against bacteria and yeasts for the Eremanthus erythropappus essential oil, which consists primarily of b-pinene, t-caryophyllene, b-myrcene and germacrene D. Pharmacological trials have demonstrated the analgesic action of b-myrcene (Lorenzetti et al. 1991) . Bicyclogermacrene has been shown to possess antifungal (Silva et al. 2007 ) and antimicrobial activity (Costantin et al. 2001; Cysne et al. 2005 ). Furthermore, the major compounds identified in the present study are comparable to those found in Eupatorium polystachium DC. ; according to the authors of the cited study, these compounds can be used as chemical precursors for the semisynthesis of volatile compounds with biological activity.
In addition to the identification of potential bioactive compounds, the chemical profiles obtained through the analyses of the essential oils of the aforementioned species have provided important taxonomical information for the group and identified compounds unique to each species. Several studies have demonstrated the effectiveness of chemical markers for Asteraceae species (King and Jones 1982; Emerenciano et al. 1987 Emerenciano et al. , 2001 Catalán et al. 1996; Alvarenga et al. 2001 Alvarenga et al. , 2005 Flamini et al. 2002) , including species of Viguiera (Delgado et al. 1984; Alvarez et al. 1985; Da Costa et al. 1996 Spring et al. 2001 Spring et al. , 2003 Ambrosio et al. 2004) . However, for Viguiera, extant studies have focussed on the chemical profiles obtained from plant extracts, and not on the composition of essential oils.
In the present study, constituents of the essential oils of leaves and aerial stems that were common to all three species (a-pinene, camphene, b-pinene, myrcene, D-limonene, bocimene, bicyclogermacrene and spathulenol) were identified, which corroborates the taxonomic data that grouped these species in the same section (Blake 1918; Magenta 2006) . In addition, unique compounds (b-gurjunene for Aldama filifolia; germacrene B, carotol, cubenol, and a-cadinol for A. linearifolia; and 3-carene, p-cymene and bornyl acetate for A. trichophylla) were also identified that can, along with the compounds common to all three species, provide a characteristic chemical profile for each of these species and can thereby assist with the differentiation of these species.
The comparative analysis of all three species resulted in the identification of anatomical and chemical characteristics that permitted differentiation among the species. The external and internal morphologies of both A. filifolia and A. trichophylla are notably similar, especially with regard to leaf traits. However, unique anatomical features and a very characteristic and distinctive chemical profile were identified for each of these two species. A. linearifolia was confirmed to have a well defined taxonomic identity, as its unique anatomical and chemical characteristics have been demonstrated by the present study.
